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Fluorescein-labelled various cationic oligonucleotides, DNA-Probes, have been synthesized. These
have been used for monitor hybrid formation, and found to have the capability to detect oligonucleotide
sequence in solution.
Identification of gene sequences of microorgan-
isms such as HIV and vibrio cholera can be
achieved by using sequence specific poly- and oli-
gonucleotides as specific probes 1. The workers
having interest in this method include molecular
biologists, chemists as well as physicists. How-
ever, inspite of its high potential as a diagnostic
tool to detect diseases, the knowledge about simple
and reliable DNA-Probes has been limited. This is
due to the existence of two major problems
namely, (i) the need for appropriate radio-isotopes
which can not be easily procured, and (ii) the diffi-
culties in establishing reliable separation proce-
dures for bond/free DNA's.
. It is known that radio-isotopes such as 32p and
35S can serve the purpose of monitoring genes,
however, their use is hazardous to researchers as
well as to the environment.
Materials and Methods
Fluorescein isothiocyanate (FITC isomer I) and
ethylenediamine were obtained from Aldrich
Chemical Co., USA and 2-deoxynucleoside loaded
CPG and nucleoside H-phosphonates were pur-
chased from Glen Research Corporation, USA.
Pivaloyl chloride (Aldrich, USA) was used as re-
ceived.
Fluorescence measurements were carried out on
a Perkin-Elmer Model LS 50b spectrometer at-
tached to a polarization accessory (part No. L 225
o 100). The fluorescence was measured at 520 nm
using an excitation wavelength of 480 nm and
spectral bandwidth of 2.5 nm. HPLC analysis was
carried out on a C-18 reverse phase column
(Nucleasil 10 nm) 250x4.6 mm on SP 8800 liquid
chromatograph (spectraphysics) with a 0-30% gra-
dient (1%/min) of CH3CN in 0.03 M TEAA buffer,
pH 7, flow rate I mLimin.
Synthesis of fluorescent-labelled cationic oli-
gonucleotide. Cationic oligonucleotides of desired
length [m-L) mer] were synthesized by a hydrogen
phosphonate method following the conventional
protocols' using controlled pore glass support (80-
100 mesh, 400 A). To the above 10 mer cationic
sequence one more 5'-DMT-dG-H-Phosphonate
coupling was carried out by using H-Phosphonate
chemistry. In this inter nucleotide H-phosphonate
linkage, the introduction of fluorescein was carried
out by oxidative coupling with ethylenediamine in
CCl4 (1.5 M, 0.4 mL, 20 min) as tether followed by
subsequent labelling of the primary amine moiety
by fluorescein isothiocyanate [0.5 mL, 10 mmoles
in 100 mM carbonate buffer (PH 9), DMF (20%
v/v) in the dark at room temperature for 48 hr]'
(Scheme I).
The oligonucleotides were worked-up in a con-
ventional manner and isolated by reverse phase
HPLC and the corresponding yields were better
than 95%.
Result and Discussion
The reversible association of oligonucleotide
with complementary sequence is of basic impor-
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Where B = Thymidine, N-benzoyl adenine, N- ben'zoylcystosine and
N-Isobutyryl guanine J F = Fluoroscein
Synthetic scheme of Fluorescein -labeled ·cationic oligonucleotide.
Scheme I
tance in biotechnology. Therefore, studies of the acidic solution carry positive charge has been
modified oligonucleotides have been conducted studied. It has been observed in the present work
with the objective of gaining further understanding that the synthesized cationic analogues are hy-
and control over bybridizationi". The response of bridized appropriately without the addition of salt
these backbone modified cationic analogues and hence are suitable probes for anisotropic stud-
[where += -NH(CH2)2N(CH3)2] which in neutral or ies. The synthesized fluorescent labelled cationic
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oligonucleotides were utilized to obtain a labelled
DNA-Probe and their studies of fluorescence ani-
sotropy, (r), were carried out in solutions contain-
ing oligonucleotide. The duplex formation between
fluorescent labelled cationic oligonucleotide probe
and its complementary natural oligonucleotide has
been monitored by effective change in 'r' values.
Fluorescence anisotropy' 'r', reflects the mo-
lecular motion of fluorescent material in solution",
Anisotropy increases when the molecular motion
of fluorescent materials in solution becomes slow.
The normal oligonucleotide strand, i.e. dGI1EF,
exhibits anisotropy of 0.036 (Expt. No.2; Table I)
but when it combines with its complementary
strand, i.e. dC11, it shows an anisotropy of 0.046
(Expt. No.3). This small difference in 'r' values
indicates that there was no appreciable change in
fluorescein anisotropy. If one studies a dG11(+)EF
strand, an anisotropy of 0.059 (Expt. No.4) was
observed, but when it combines with its comple-
mentary sequence dC 11, it shows an anisotropy of
0.092 (Expt. No.5). This observed appreciable
increase can be attributed to a good control over
hybridization by use of cationic oligonucleotide
probe.
It was also noted that, on addition of 1 M NaCl
salt [dGll(+)EF+dCll+1M NaCl] a quenching
effect was observed, a comparatively small value
of anisotropy parameters 0.061 (Expt. No.6) is
obtained. We have carried out one additional ex-
periment in which the probe is mismatched with
dT11 strand. The results of anisotropy indicate the
'r' values of 0.070 (expt. No.7) which is distinctly
smaller than the one which has a complementary
sequence. A polycationic molecule like the ana-
logue dG 11(+)EF might be expected to complex
strongly, but non-specifically, with any natural
DNA sequence through electrostatic attraction to
the polyanionic phosphodiester backbone. The
fluorescence anisotropy increase from 0.059 to
0.070 when the F-Probe was mixed with dT11
could be indicative of this.
It is well known that absorption and emission
spectral data furnish important information about
the intramolecular and intermolecular interactions
of fluorescein with nucleobases. Such data were
Table I--Spectroscopic characterization of F-Probe
Expt. No. F-Probe Absorption spectra Fluorescence spectra
Amax (nm) A max (nm) A max (nm) Relative Fluorescence
(visible) (excitation) (emission) quantum anisotropy"
yield (r)
I. dG2(+)EF 493.0 494.0 515.0 1.00 0.018
2. dGlIEF 494.7 496.0 519.0 1.07 0.036
3. dGlIEF+dCII 495.0 496.2 520.0 0.92 0.046
4. dGlI(+)EF 494.9 496.2 520.0 1.07 0.059
5. dGI I (+)EF+dCI I 495.2 496.8 520.8 0.93 0.092
6. dGI I (+)EF+dCI I+IM NaCI 494.7 495.4 519.8 0.94 0.061
7. dGII(+)EF+dT11 495.0 496.4 520.2 095 0.070
Absorption spectra: (F-Probe)-(0Iigonucleotide)-2.5 J.1M; 0.1 M
Phosphate buffer (PH 7.0); r t.
Fluorescence spectra: (F-Probe)=(OligonucIeotide)=O.1 J.1M; 0.1 M
Phosphate buffer (PH 7.0); 20°C.







·Fluorescence measurements were carried out in triplicate using a Perkin-Elmer LS-50b spectrophotometer to obtain constant
value of'r'.
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obtained for the probe molecules with nucleobases
used in present work. The characteristic data of
absorption maxima, emission maxima, and relative
quantum yields for the F-Probe are summarized in
Table I. It has been reported that intercalating rea-
gents such as pyrene or acridine derivatives intro-
duced to oligonucleotides stabilized the duplex by
10-15°C in melting temperature under standard
conditions (0.1 Mbuffer solution, pH 7)7.
In these cases, absorption maximum are shifted
to longer wavelengths and the emission maximum
to shorter wavelengths. Seen in this context are,
spectroscopic data of F-Probes (Table I, Expt. No.
2 to 7) did not show any evidence of the existence
of either fluorescein monomers EF, or any inter-
calatation between base-pairs of the hybrid. No
substantial shifts of absorption maxima and of
emission spectra were observed. It has also been
observed that, when dGllEF was mixed with
dCll, Tm of dG 11EF+dC 11 or dGll(+)EF+dCll
shows a good agreement with Tm of dG 11EF-
dC 11 hybrid, indicating that stability of hybrids
consisting of F-Probe and dC11 was quite similar
to dGllEF-dC11 hybrid as shown in Figure 1.
This also points out that fluorescein introduced
into the oligonucleotides (via an intemucleotide
linkage) hardly affects the stability of the duplex.
These results indicate that fluorescein introduced
into F-Probe scarcely intercalated between base-
pairs of the hybrid.
The important observation we have made fur-
ther indicates that fluorescein hardly intercalates
between base-pairs and the relative quantum yields
do not change under the conditions studied here.
This eliminates the possibility of the anisotropy
changes due to other factors besides the hybrid
formation. These observations clearly reveal that
measurements of'r' or F-Probe in solution readily
lead to the monitoring of the presence of a cei tain
nucleic acid sequence in solution.
Conclusions
The results reported here indicate that the fluo-
rescence anisotropy 'r' can serve as an excellent
index to monitor the presence of hybrid in solution
using fluorescent-labelled cationic oligonucleotide,
and also the presence of target DNA sequence in
solution.
o 20 40 60
Temperature, DC
80
Figure I--Melting curve of mixtures of dG 11EF and its com-
plement, dCll and dG11 and its complement dC11 at 260 nm
at a total nucleotide concentration of 1.0x I0-4 M in 0.0 I M of
Tris HCI, pH 7.0, molar ratio I: 1, 0.1 M NaC!. (Dot symbols
are modified strand i.e. dGII Bf+c., Tm=26°C. Cross symbols
are not modified strand i.e. dGII+dCII, Tm=26°C).
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